INTRODUCTION {#sec1-1}
============

Antiplatelet drugs are effective for the secondary prevention of cerebral infarction. The long-term daily administration of aspirin is useful in efforts to prevent serious vascular events in survivors of ischemic stroke; it reduces the recurrence rate and improves survival.\[[@ref3]--[@ref5]\] Cilostazol (Otsuka Pharmaceutical Co. Ltd., Tokushima, Japan) has been shown to be useful for the prevention of ischemic stroke. It is a phosphodiesterase 3 inhibitor with both antiplatelet and vasodilating effects, and its mechanisms of action differ from those of aspirin.\[[@ref9][@ref21]\] Huang *et al*. observed no significant difference in the recurrence rate in patients with ischemic stroke who were randomly assigned to either cilostazol or aspirin therapy, and suggested cilostazol as a more effective and safer alternative to aspirin.\[[@ref8]\] Cilostazol has been shown to be effective in the secondary prevention of stroke\[[@ref6]\] and it prevented the occurrence of re-stenosis after coronary angioplasty\[[@ref15]\] and stenting and decreased the carotid intima media thickness in diabetic patients.\[[@ref1]\] Katakami *et al*. reported that compared with aspirin, cilostazol potently inhibited the progression of carotid intimamedia thickening.\[[@ref10]\]

In their cilostazol stroke prevention study, a placebo-controlled double-blind trial, Shinohara *et al*. found that cilostazol effectively prevented the recurrence of vascular events in patients with lacunar infarction.\[[@ref16]\] Kwon *et al*. who performed a trial of cilostazol in their symptomatic intracranial arterial stenosis study, reported that it prevented progression of the stenotic region.\[[@ref12]\] They used magnetic resonance angiography (MRA) to evaluate intracranial arterial stenosis. Although MRA is useful for assessing longitudinal changes of intracranial arterial stenosis, it does not yield any information on the cerebral blood flow (CBF).

We performed a retrospective study on patients with symptomatic intracranial arterial stenosis who were treated with cilostazol. We used MRA to evaluate improvement of their stenoses and single photon emission computed tomography (SPECT) to study their CBF.

MATERIALS AND METHODS {#sec1-2}
=====================

Our retrospective study included 20 patients with stenosis in the M1 segment of the middle cerebral artery (MCA) who were treated between April 2007 and March 2010. All patients had suffered ischemic stroke within 12 weeks or presented with asymptomatic stenosis exceeding 50%. None of the patients had other stenotic lesions in the other internal carotid or vertebro basilar arteries. Inclusion criteria were as follows: (1) almost independent pursuit of the activities of daily living (ADL) (modified Rankin scale 0---2), (2) no or small ischemic lesions on magnetic resonance images (MRI), (3) absence of enhanced ischemic lesions on MRI, and (4) stable general condition without heart failure. Patients with malignant tumor, liver dysfunction, renal failure, heart failure, or respiratory dysfunction were excluded, as were patients who had suffered cardiac infarct within 6 months, were treated for diabetes and had a fasting blood glucose level exceeding 300 mg/dl, manifested artery to artery embolism or cardioembolic infarction, congestive heart failure, uncontrolled hypertension (diastolic blood pressure \>110 mmHg), bleeding tendency, or hypersensitivity to cilostazol.

Consequently, 20 patients underwent cilostazol treatment (100 mg twice daily). They were 16 men and 4 women (mean age 64.5 ± 6.5 years); 12 (60%) had suffered atherothrombotic infarction and 8 (40%) were asymptomatic. Patients manifesting palpitation, tachycardia, or headache after cilostazol trial were changed to 100 mg cilostazol per day for a week, and then 100 mg twice a day. If their symptoms failed to improve, cilostazol treatment was stopped.

Patients included in this study were evaluated for ischemic stroke recurrence, hemorrhagic stroke including hemorrhagic infarction, additional stroke of unknown etiology, and death. All analyses were performed in our outpatient department. Follow-up studies were performed 6 and 12 months after the start of cilostazol treatment.

MRI scans were inspected for changes in ischemic lesion, for the development of new cerebrovascular incidents, and for unknown nonspecific changes. MRA studies to assess the degree of stenosis were performed with a 3D time-of-flight gradient echo technique for intracranial arteries. CBF was evaluated on SPECT scans using 99m Tc- hexomethyl propylene amine oxime (HMPAO, 740 MBq). After completion of the 1^st^ scan, within less than 10 min, stress was induced with an intravenous (iv) injection of 1g acetazolamide; a 2^nd^ scan was obtained 5 min after the 2^nd^ iv delivery of 99m Tc-HMPAO.

Patients with pre-treatment MRA and SPECT evidence of lesions were re-examined 6 and 12 months after the start of cilostazol treatment using the same neuroimaging techniques. Changes in the M1 stenosis were analyzed by MRA. Continuous data are shown as the mean ± standard deviation (SD). The unpaired t test was used to compare continuous variables in 2 patient groups, those in whom cilostazol was effective (stenosis improved to less than 50%) and patients in whom it was not (stenosis did not improve to less than 50%). The χ^2^ test or Fisher\'s exact test was used to compare ratios. Statistical significance was defined as *P* \< 0.05.

RESULTS {#sec1-3}
=======

Three patients experienced drug-induced tachycardia or headache (tachycardia, n = 1; mild headache, n = 2). In these three patients we changed the administration method (100 mg per day for a week followed by 100 mg twice daily). Consequently, two patients experienced symptom abatement and they were continued on cilostazol for 12 months. The other patient was changed to aspirin. Therefore, 19 patients received cilostazol treatment and were evaluated by MRI, MRA, and SPECT 6 and 12 months after the start of cilostazol therapy.

The overall rate at 6 months for stroke, myocardial infarction, and death was 5.1% (1/19); the affected patient suffered an ipsilateral atherothrombotic infarction. At 12-month follow-up there were no additional cases of stroke. Consequently, the overall 1-year outcome for stroke, myocardial infarction, and death remained at 5.1%. No patient suffered hemorrhagic complications.

Cilostazol was effective in 5 patients. Their mean stenosis pre-treatment was 71.7 ± 4.9% on MRA; it improved to 39.0 ± 3.2% at 6 months and to 27.2 ± 2.8% at 12 months. Cilostazol was not effective in 14 patients; their mean stenosis pre-treatment was 75.8 ± 5.3%; it was 71.6 ± 4.7% at 6 months and 70.3 ± 4.8% at 12 months \[[Figure 1](#F1){ref-type="fig"}\]. The difference between the two groups at 6 and 12 months was significant (*P* \< 0.001 and *P* \< 0.001, respectively).

![Burr graph demonstrating changes in M1 stenosis before, and 6 and 12 months after cilostazol treatment. Light and dark bars show the suspected mean ratio of M1 stenosis in 5 responders and 14 non-responders.](SNI-2-8-g001){#F1}

Three of five patients in whom cilostazol was effective showed improvements in CBF on SPECT study; one manifested improvement at rest and the other 2 improved upon acetazolamide challenge. The other two patients in the effective group and all 14 patients in the non-effective group showed no improvement in CBF on SPECT study at rest and upon acetazolamide challenge.

REPRESENTATIVE CASES {#sec1-4}
====================

Case 1 - [Figure 2](#F2){ref-type="fig"} {#sec2-1}
----------------------------------------

![2A: Pretreatment magnetic resonance angiography (MRA) showing a stenotic lesion (60%) at the right M1 (white arrow).\
2B: Magnetic resonance imaging (MRI) scan acquired 6 months after treatment shows improvement of the stenotic lesion (20%) at the right M1(white arrow).\
2C: MRA obtained 12 months after the start of cilostazol treatment shows improvement of the stenotic lesion (16.7%) at the right M1 (white arrow).\
2D: Pretreatment single photon emission computed tomography (SPECT) shows a decrease in CBF in the right cerebral hemisphere (white arrowhead).\
2E: SPECT obtained 12 months after the start of cilostazol treatment shows improvement of the CBF in the right cerebral hemisphere (white arrowhead).](SNI-2-8-g002){#F2}

This 50-year-old man had a history of transient motor weakness on the left side. MRA confirmed right MCA stenosis (60%); it improved to 20% and 16.7% at 6 and 12 months after the start of cilostazol treatment (200 mg per day). Before cilostazol therapy, his CBF at rest was decreased in the right cerebral hemisphere; it improved at 12-month follow-up and he was free of symptoms.

Case 2 - [Figure 3](#F3){ref-type="fig"} {#sec2-2}
----------------------------------------

![3A: Pretreatment MRA shows a stenotic lesion (85%) at the left M1 (white arrow)\
3B: Pretreatment SPECT shows no laterality in CBF at rest.\
3C: Pretreatment SPECT shows hypovasoreactivity in the left temporo-occipital region after acetazolamide challenge (white arrow head).\
3D: MRA obtained 6 months after the start of cilostazol treatment shows improvement of the stenotic lesion (30%) at the left M1 (white arrow).\
3E: MRA acquired 12 months after the start of cilostazol treatment shows improvement of the stenotic lesion (20%) at the left M1 (white arrow).\
3F: SPECT obtained 12 months after the start of cilostazol treatment shows increased CBF in the left cerebral hemisphere.\
3G: SPECT obtained 12 months after the start of cilostazol treatment shows CBF improvement in the left cerebral hemisphere after acetazolamide challenge (white arrowhead).](SNI-2-8-g003){#F3}

This 60-year-old woman had a history of mild sensory disturbance on the right side. MRA revealed left MCA stenosis (85%). Before treatment, her CBF at rest manifested no marked laterality. However, acetazolamide challenge disclosed extensive CBF reduction in the left temporo-occipital region. Her stenosis improved to 30% and 20% at 6 and 12 months after the start of cilostazol administration (200 mg per day). Acetazolamide challenge at 12-month follow-up showed a CBF increase in the right cerebral hemisphere and she was free of ischemic events.

DISCUSSION {#sec1-5}
==========

Stenosis of intracranial arteries is causative in ischemic stroke and antiplatelet therapy is important for its prevention.\[[@ref3]--[@ref5]\] Although aspirin has been the commonly used antiplatelet drug, other medications have been introduced. Whether their benefits exceed those of aspirin remains an open debate. Hankey *et al*.\[[@ref7]\] found that clopidogrel was slightly more effective than aspirin and Shinohara *et al*.\[[@ref16]\] reported cilostazol to be useful for the prevention of recurrent vascular events in patients with lacunar infarction. In a cilostazol stroke prevention study to assess the safety and efficacy of cilostazol vs. aspirin, their effectiveness was observed to be similar with respect to the prevention of recurrent stroke in patients with noncardioembolic stroke; cilostazol was more efficacious and safer than aspirin for the prevention of secondary stroke.\[[@ref17]\] Kwon *et al*. reported that cilostazol prevented progression of the intracranial stenotic region.\[[@ref12]\] Their study addressed the effect of cilostazol on the progression of intracranial arterial stenosis (IAS) in the M1 segment of MCA. The degree of stenosis was assessed on MRA images. In patients treated with cilostazol, 3 of 45 (6.7%) symptomatic IAS progressed and 11 (24.4%) regressed; the rates were 15 (28.8%) and 8 (15.4%) in patients given a placebo and the difference between the two patient groups was significant (*P* \< 0.008). CBF in patients with regression of IAS was not evaluated.

Kim *et al*.\[[@ref11]\] attempted stent-assisted angioplasty in 14 patients with symptomatic high-grade stenosis (\>60%) on the proximal portion of MCA. These patients had suffered recurrent transient ischemic attacks resistant to medical therapy or one or more strokes and 11 manifested perfusion defects on SPECT. Follow-up SPECT showed improved perfusion in the affected MCA territory after stent-assisted angioplasty.\[[@ref11]\] Birk *et al*. presented the first results on the effect of cilostazol on the cerebral hemodynamics in normal individuals.\[[@ref2]\] In their double-blind, randomized, crossover study, cilostazol (100 mg twice daily) or placebo was administered orally to 12 healthy participants. They reported that cilostazol had no effect on regional CBF within a 4-h observation period. On the other hand, according to Oishi *et al*., CBF in the cortex was significantly higher after than before cilostazol administration and cilostazol had a better effect on the cerebral circulation than ticlopidine hydrochloride in patients in the chronic stage of cerebral infarction 2 weeks and 3 months after onset.\[[@ref14]\] However, their observations may be attributable to a period effect.

We found that the 12-month administration of cilostazol improved stenosis in the M1 segment in five of 19 patients (26.3%). In three of these, SPECT showed improved CBF. Although the prevention of intracranial arterial stenosis by cilostazol has been reported, that study did not address CBF.\[[@ref12]\] Therefore, ours is the first documentation that cilostazol prevents the progression of stenosis and improves CBF and we suggest that its beneficial effect on CBF is reflected in the improvement of the stenotic lesions in the M1 segment. Therefore, the improved CBF may be due to not only the vasodilatation effect of cilostazol but also its remodeling effect on the M1 stenotic lesion.

What mechanisms participate in improving M1 arterial stenosis? Other antiplatelet drugs exhibited no remodeling effect on intracranial arteriosclerotic lesions. The mechanisms of action of cilostazol were multimodal. One effect is the inhibition of type III phosphodiesterase activity in platelets and the increase of intracellular levels of cyclic adenosine monophosphate (cAMP).\[[@ref13][@ref18][@ref20]\] The increase in the intraplatelet concentration of cAMP inhibits the production of thromboxane A2 and platelet aggregation by inhibiting phospholipase and cyclooxygenase. In addition, it acts as an arterial vasodilator, probably via its direct action on vascular smooth muscle. Intracellular cAMP blocks the release of calcium ions from intracellular storage granules in smooth muscle cells, thereby inhibiting the function of contractile proteins.\[[@ref21]\] Cilostazol also suppresses the proliferation of smooth muscle cells, an effect that may also be mediated via an increase in the level of intracellular cAMP in smooth muscle cells.\[[@ref19]\]

In the present study, cilostazol decreased triglycerides, low density lipoprotein, and total cholesterol and increased high density lipoprotein cholesterol.\[[@ref22]\] Although the magnitude of its lipid-altering effect is small, it adds to the potential clinical utility of the drug.

Factors involved in the remodeling of the stenotic M1 segment after cilostazol administration remain to be elucidated. Large trials are needed to identify the role of cilostazol in the improvement of symptomatic intracranial artery stenosis.

CONCLUSIONS {#sec1-6}
===========

Our preliminary retrospective investigation of the effectiveness of cilostazol in a small series of patients with stenosis in the M1 segment of MCA. The drug had a remodeling effect on stenotic lesions due to arteriosclerotic changes and improved CBF in some of these patients.
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